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PLACE: 

AGENDA FOR GEM MUON SYSTEM MEETING 
BOSTON UNIVERSITY 

AUGUST 23, 1991 

AH-LE;{/ 

Room 593 of the Physics Research Building at 3 Cummington Street 

8:45 AM - Steve Ahlen, Boston U. and Frank Taylor, MIT, INTRODUCTION 
9:00 AM - Orrin Fackler, Livermore, "L3 Type Chambers" 
9:30 AM - Bob Miller, Michigan State, "Straw Tube Chambers· 
10:00 AM - Louis Osborne, MIT, "Limited Streamer Tubes• 

10:30 AM - Coffee Break 

11:00 AM - Irwin Pless, MIT, "RPC's, and.Trigger Issues• 
11:30 AM - Scott Whitaker, Boston U., "Pad Chambers" 
12:00 PM - Bing Zhou, Boston U., "Pressurized Drift Tubes• 

12:30 PM - Lunch 

1 :30 PM - Roy Weinstein, U. Houston, "Gas Tests and CERN Beam Tests of 
Limited Streamer Tubes" 

2:00 PM - Roger McNeil, LSU, "Simulations for High Field Option• 
2:30 PM - Andrey Korytov, Dubna/MIT, "Fermilab Beam Tests• 
3:00 PM - Steve Ahlen, Boston U., "Organization for Muon System• 
3:15 PM - Jim Sullivan, MIT, "Momentum Resolution calculations• 
3:30 PM - Frank Nimblett, Draper, "Engineering Plan and Comparisons for 

Several Chamber Technologies" 
3:45 PM - Jack Hanlon, Los Alamos, "Alignment Strategies• 
4:00 PM - Eric Hazen, Boston U., "Muon System Electronics" 

4:15 PM - Break 

4:30 PM - Discussion: 
a) Chamber Technologies: pros and cons of each 
b) System Philosophy: 

i) Multiple vs. single technolgies 
ii) Projective vs. non-projective tracking 

c) Preferred magnet configuration: 
i) What value of B? 
ii) How non-uniform can (should) B be? 
iii) Should chambers be outside magnet? 

d) Plan for making progress in the muon system: 
i) Reduction in technolgies 
ii) Interactions with other systems O.e. mechanisms for 

recommending preferances on magnet, tracking, etc.) 
iii) Crucial R&D for Loi 

6:00 PM - Meeting Adjourns 
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Muon Chamber - basic 1 oad-beart ng structure 

Top cover (honeycomb or 
z-chambersl 

wire plane 

end rrame 

:e·:1 side 

0.6 psi 
average over 
end rrame 
<rrom wires> ~f'kf ~-~~~-Jj ,;· ... 

bottom cover (honeycomb 
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Muon Chamber - w1_re plane alignment structure 

"Bridge" assembly ( 

/ 

allgnment / 
actuator ~ 
<manual),,,.,,,. 

carbon-fiber bar 
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glass straightedge 
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L3 AND L* 
WIRE POSITIONING ACCURACY 
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GUAGI aL.OCK LENS 
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Stability of L3 Alignment 
for 3 Layers of Chambers 
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L * Alignment 

L* L3 - Achieved 

P- Measurement 
3 Layers - Absolute Bµm 10µm 
Monitored - Relative 1 µm 0.2µm 

Global 
All tracks point to 
intersection 0.7mm 1.0 mm 
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Muon Chamber Gas Studies ~ 

• Goal: Characterize and identify a suitable gas for the muon chambers 

o Insensitive to small changes in E-field and composition 

o Non-flammable (V = 2000 m 3) 

o Sparkproof 

o Slow aging 

o Small Lorentz deflection angle 

o Low cost 
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Muon Momentum Resolution 

+ -zo-µ µ 

a= 2.4% 
(1990) 

0 ______ .._._ ........... ~~~~_,_,,~......i........i......:.•~· 

-0.4 . -0.2 0 0.2 0.4 

Pµ/Ebeam-1 

•Design Resolution from Technical 
Proposal 2.38% (1982) 



I I V • • - '• {.- i.-.. ,,. -... I I 

{;.8H 'fS a I l ~ ",,,,, .7 ~e 1.'./ Ji. m= ~ 

A B c D E F 0 H I J 
1 
2 A· 0.1 
3 l· 3.t51 
4 n1.3 • 11 
5 Bl2· 1~.53 
& theta • 1.57079633 
7 

,__!_ ''":l:/!I wire 9 P (oev1 •l!altta reao elflclencv IDAt.3 --2 1-1v1 -1111 1an error '"'"'' ...!.! 1 474720 ' 1.00 37.50 21.52 20.00 2127.03 2127.48 0.45 
11 100 4747 150 1.00 37.50 21.52 20.00 21.27 47.53 1.00 
12 500 949 15 0 1.00 37.50 21.52 20.00 4.25 42.71 4.50 

,..!.! I 
~-

474720 0.94 31.81 27.35 20.00 2127.03 2127.48 .45 
14 

.... - ·,Qjj 
4747 0.94 31.81 27.31 20.00 21.27 48.46 .02 

15 !in~ 949 I !liDI 0.114 31.81 27.35 20.00 4.25 43.75 11:1 
11 
17 I 474720 200 t.00 50.00 a5.31 20.00 2127.03 2127.71 0.45 
11 100 4747 200 t.00 50.00 a5.H 20.00 21.27 57.110 1.22 
11 500 949 200 1.00 50.00 :SS.Ml 20.00 4.25 54.02 5.89 
21 1 474720 I~ 0.94 51.57 K.47 20.00 2127.03 2127.75 n 45 
21 100 4747 0 0.94 51.57 31.47 20.00 21.27 59.26 !~ 22 !10~ 949 '"" 0.94 St.57 •• 41 20.00 4.25 55.48 



M '<•'t 11 tJ #'>fe. ... t .. ,, .. A~Jol~ iro,.. 

)-6 .... J ... / T"":~t (J .... /ijt.l>-~ 1,-~~ 

A 8 c D e 
1 
2 Bl.2• 13 
3 n1.3· 8 .. L- 4.03 
5 lh•••· 1.5707M33 -• alnal•--• . ... ,. 
7 IPfGal/l HG Illa • l•lanc• -1.3 

• • 10 
11 
12 
13 
14 
15 
11 
17 
18 
11 
21 
21 

1 492424 1.00 
100 4924 1.00 
500 915 1 1.00 

I 492424 0.94 
IDDI 4924 0.14 
5001 915 0.94 

.. 
1 482424 200 1.00 

100 4824 200 1.00 
500 815 :::1 1.00 

I 412424 0.94 

illl .... 4 "DOI 0.84 
I•! "nm O.H 

'A= "-fT 
B-1'- 3 .fc. .._ >t. lV •'rrt 

S'I ,.. .. t:./•11. ,,-11~cc 'J'-..,,.c.( .-.;> H~''"" 

.... --... .. c,. / dc.c fcv c1.. .. _,c .. 71.,.._1-.... ~.(/ 

L :: '(o ?tJ ;..,_, .::: /?.I'~ - J' '~c 

53.03 
53.03 
53.03 
54.70 
54.70 
54.70 

70.71 
70.71 
70.71 
72.83 
72.13 
72.83 

.,. 

F 0 H 

1 

1-2 - ..... ea8.ml 
37.50 20 2185.73 
37.50 20 21.86 
37.50 20 4.33 
38.18 20 2185.73 
38.88 20 21.86 
31.11 20 4.33 

50.00 20 2H5.73 
50.00 20 21.88 
50.00 20 4.33 
51.57 20 2185.73 
51.57 20 21.88 
51.57 20 4.33 

#11. di, ....::;> # "/1-?C t 
flt'~~ 

LI 
I J 

··-- -..... ,,.,, ... f'lt.l 
2188.47 0.44 

80.88 1.23 
58.8~ 5.77 

2188.51 0.44 
82.14 !jM 58.40 

·-2188.87 0.44 
78.81 1.58 
73.81 7.47 

2187.05 o.u 
78.87 I.to -75.75 7· 

( ff .fec..f ... , J 



•• 



(Q 

E-t E-t M .E 
m C"J 

• co .. 
'-

• N • .. 
(") • ...... E ...... • aS .·- --a 

~.Q aJ 
. +' N • Pt-a -a 
~ ..... -
~~ • .. 

"'l:ft 
::s 

• 0 • • N • • -0 
...J 

0 
-tc 

CON ...J <O "'l:ft N 0 
• • • • • 

C1) ..... ..... __. __. 0 .c .., 
E 

ISO:> 81\fl8181:f 

0 i 
J... u u. 



0 
...,J 

(]) 

> ·-...,J 

'° ...... 
(]) 
s... 

·-> ·-...,J ·-tl'l 
c: 
(]) 
lZl 

...... 

·--
Ul 
> 
-l 
Ul 
0 
u 

... 

E 
0 
0\ 
("t'.) 

II 



LLNL's parametric cost model permits 
overall system optimizations 

Malor Input parameters; 

Magnet OD 
Magnet ID · 
Magnetic Fleld 
Barrel OD 
No. muon wires/plane 

Mechanlcal clearances 
Max/min sizes 
Unit cost factors 

tdl.DllD9J·I 

""'' 

Design Models 

Cost Models 

Magnet cost algor!thms 

Muon cost algorlthms 

t 
Costs 
(byWBS) 

Design parameters: 

Numbers ol parts 
Sizes, shapes, weights 
Mass ol steel 
etc, etc, etc 

Petlormance Model 

Muon performance calc's 

t 
Performance 
(muon ~pip) 
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Now 1192 1193 MM 1195 

Progranv 
Facilily 
MHestones 

WBSl,2 
MuonR&D 

WIS2,Z 

f1' [11 l1 I I l1 
LOI EDR 8.0. 8.0.i.,~ 

Fln•I Design Award 118gfM1 llldg. Muon._ 
I Dealgn IFU Hall I IR1 Hall fR 1 Hal\ Conslrucl IR1 Hal I 

Fln•I Dealgn 
I Maant! Bldg. I Awll'll I Conalrucl M!p!!!!! Hal I 

I 0e1ec:11an Phplca I 
I 
I I Qtl!d9r [)m!apn!r4 I 

IE.__.Devl 
I Elec:lnlnlcl 0-lapn!nl I 

I -~---u19 DM!apmln! T•t 1 Allgn .. -iv...,,.... Sector Pnltolype I 
I I . . . 

Muon Enginaeringl 
Selecl TWo Dea. 1-1 
Opllonl 

Dealgn/Colt 

Plwpal9LOI 

WBS3,2 
Muon Construction 

~ 

~- 1 & 2 ~ 
I Co!! I . . 
l1 l1 

Dea. Coal 
Ravlew Ravlew 

l1 
Concepl 
Selecllan 

I Prlllm. Dea!pn I 
l1 

EDA Dea/COii 
Rlwlew 

I EQB Prag I 

',""'' 
1n Proc/Fab 

(Siar! lnatalatlon I0/117) 

1111 



.. 
GEM Magnet Near-Term Schedule 

DRAFT 7131191 • 1414 
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A GEM MUON SYSTEM 

BASED ON 2 cm Dia. STRAW DRIFT TUBES 

C. Bromberg, R. Miller, B. Pope, C. Yosef 

Michigan State University 

Potential Advantages of Plastic Straws: 
Cost 
Ease of Construction 
Robust (vs planar cathode) 
Pressure> 1 atm (vs planar cathode) 
Radiation Length (vs. SS Tubes) 
Use in trigger 
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END CHAMBER STEREO 
Layers alternate between styles shown 



Gangs of Four 

I I I I 

I I I I 

TRIGGER LOGIC: 

location: 1 · 2 · 3 · 5, 1 · 2 · 4 · 5, 1 · 3 · 4 · 5, 1·3 · 4 · 6, 2 · 3 · 4 · 6, 2 · 3 · 5 · 6, etc. 

timing: 1+2+3+5, 1+2+4+5, 1+3+4+5, 1+3+4+6, 2+3+4+6, 2+3+5+6, etc. 



GEM- STRAW TUBE DRIFT CHAMBERS 

BARREL CHAMBERS: 

Statjop Radjus 11en2fh I,ayer5 ta1ayer Tubes M'p!ex Amp/djsc 

MB4 4.00 6.00 8 axial 1256 20096 2 10048 

MB6 6.00 2 x 5.00 16 axial 1885 60320 4 15080 
6.00 2 x 5.00 4 stereo 1885 15080 4 3770 

MB8 8.00 2 x 7.00 8 axial 2512 40192 4 10048 
8.00 2 x 7.00 4 stereo 2512 20192 4 5024 

Totals 40 155880 43970 

END CHAMBERS: 

Statjon z Max.R lz1avers #/11ayer Tubes M'plex Amp/djsc 

ME4 6.00 4.00 8 stereo 16x 76 19456 2 9728 

ME6 10.00 6.00 16 stereo 16 x 114 58368 4 14592 

Me8 14.00 8.00 8 stereo 16x153 39168 4 9792 

Totals 32 116992 34112 



GEM- STRAW TUBE CHAMBER COST 

l1s:m Regujred CKl Unjt Cost C$l Total C$Ml 

Straw Tubing (m) 2400 1 2.4 

End plugs 820 1 0.8 

End seals 820 1 0.8 

Centering pins 820 2 1.6 

Wire (m) 2400 0.5 1.2 

Precision Holes 820 1 0.8 

End Plates 2.5 1000 2.5 

Amp/discrim. 78 10 0.8 

TDC's (m'plex by 4) 19.5 100 2.0 

PC boards, cables 5 100 0.5 

Labor hrs.(10 min/tube, 2 techs) 134 50 6.7 

Alignment Equip. 0.6 1000 0.0 

Gas system/plumbing 0.5 

Total 20.6 



R & Dltems 

1. Test of High-pressure straw tube designs (end plug) 

2. Test of positioning accuracy obtainable for these designs 

3. Engineering studies to evaluate construction procedures, 
support structure and costs 

4. Monte Carlo study of multiplexing scheme in a SSC environment, 
both for pattern recognition and triggering 
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5TUDIES OF DRlFT A:l';D ST~ READOUTS FOR THE EMPACT/TEXAS MUON SYSTEI 

(preliminary results) 

Yu. Bonyushkin, N. Khovansky, A.<Kopov, V. Malyshev, Yu. Sedykh, V. Tokmenin -Joint Jrutitute for Nuclear Ruea.rch 

Dubna, U.S.S.R. 

·D~lp hi G ,..OU['> 
H. W. Kendall, L. S. Osborne, G.D. Ron, A. Sodickson, R. Vecdier 

M a.a1Achwetta Inatitute of Technology 

LAOoNtory for Nuclear Science 

Ca.mbrillge, MAUIMlhwetta 

l 5 I.. 0 - vrt1t::) 
Abstract 

We report on the most recent results measuring the behaviour of wire cham­

bers which might be suitable for EMPACT muon detectors. This includes several 

measuring techniques, cb•mben, and gasses. 

1. Introdudioa 

This study was initiated to find 4 particle measuring technique with gas detectors that 

would be suitable for the F.MPACT muon detector system. It would have to be: 

1) fast, ~ ti'6 event.s d their proper collision time;• 

2) accurate, tr ~ 200µm., but locatable to SOµm.; 

3) ammenable to mass production; 

4) using non-flammable gas. 

1 
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1. K. Fujii et al, NIM, A225, 23(1984) 

2. F. Gasparini et al, NIM, A267, 
87(1988) 

The authors of these papers claim they 
did not achieve the best possible resolu­
tions due to lack of mechanical alignment 
and multiple scattering. 
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Gases Considered 

Argon(A), Isobutane(IB) 
A(few %),IB(lO %), C02 
A(few %),IB(10%),C02,CF4 

IB(::;10%)-non-flammable 
C02-ohmic,slow ,cool 
CF 4-fiat,fast 
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GEM Prototype Full Scale Chambers 
3x( 6 m. X 0.5 M.) chambers 

Rand D Group 

Dubna- Design and Test 
Houston- Wire Placement Techniques 
LeCroy- Timing Electronics 
Houston- Simulation,Data Analysis 
MIT- Design, Construction, Tests 

Schedule: 

Design- Spring '91 
Parts Ordered- Summer '91 
Assembly- Fall '91 
Tests- Winter '91-'92 

1 
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Philosophy 

Wires placed to ±12.5µm. with respect to sur-
vey points, 

1) indenpendent of gravity 
2) " temperature 
3) " warp and sag of the chamber. 

Survey points known to ±12.5µm., 
1) by surveying 
2) by placement (unlikely) 
3) by monitoring. 
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Pickup strips make a vernier z-measurement within 
the timing measurement along the wire. 
Several strips which bridge the accuracy of the tim­
ing measurement can be ganged in series. 
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df!/P 

0.14 

0.12 

GEM df!/P AS A FUHCTIOll or PSEUDORAPIDITY 
O < P < 1000 GeV/c (•t•P• of 200 GeV/c) 
nc-0.22, a-o.a T••la, L-4.6 m. 
NL• 16 planes 
ao-100 microns;sext-25 microns;sint-50 microns 

0.1-r---

dP/P 

0.14 

0.12 

0.1 

0.08 

0.06 

0.04 

0.02 

GEM dP/P AS A FUNCTION OF THETA 
O < P < 1000 GeV/c (steps of 200 GeV/c) 
nc•0.22, B•O.B Tesla, L-4.6 m. 
NL• 16 planes 
sO•lOO microns:sext•2S microns;sint•SO microns 

•• 
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dPt/Pt 

0.14 

0.12 

0.1 

o.oe 

11122191 9:30 AM 

GEM dPt/Pt AS A FUNCTION OF PSEUDORAPIDITY 
O < Pt < 1000 GeV/c (steps of 200 GeV/c) 
nc•0.44, e•O.B Tesla, L-4.6 m. 
NL- 32 planes 
s0-100 microns;sext•O microns;sint•O microns 

0. 06.j,.._ ___________ _, 

0.04-1:.------------V 
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GEM dPt/Pt AS A FUNCTION or THETA 
O < Pt < 1000 GeV/c (steps of 200 GeV/c) 
nc•0.44 B•0.9 Tesla, L-4.6 m. 
NL• 32 planes 
sO•lOO microns;sext•O microns;sint•O microns 
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Merits of Streamer-Drift System 

1. Preservation of the fast rise time in pulse trans-
• • m1ss1on. 

2. Open structure for laying down wires-allows 
multiple wire placement and placement check­
ing for ease of construction. 

3. Precision wire positioning. 
4. Minimum scattering material. 
5. No restriction on chamber length. 
6. Parts and assembly amenable to mass produc­

tion. 
7. Stiffness in the final chamber to minimize sup­

port points. 

8. Single wire resolution of "'lOOµm. 

1 



Total Costs in m$ 

Material 
Chamber bodies 0.14 
Cathodes 0.30 
Bridges 1. 00 
z-planes 0.25 

Labor 
Chamber assembly 
Wiring & testing 

Electronics 

Total 

7 lits 1~ ft;1-- 4 .... S- Lt 
~ys6e,,.,. 

/) d Ii. ~ )~ C/.. 0 #It OIJ~ 7' &( JI! 6 4 1• S 

1 

0.50 
2.50 
12.60 

17.29 
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Table 1 • CharacterlstlC3 or RPCs 

plate bulk resistiviry 1011±1 0 cm 

elcclric field -401tV/cm 

pulse charge !QZpC 

pulse rise time -3 ns 

pulse dumtion -20ns 

efficiency -97% 

discharge :irea 0.1 cm2 

recovery lime 10-2 s 

time resolution -1 ns 

2. Resistive Plate Chambers 

The Resistive Plate Chambers. developped in Rome ten years ago, work :it a 

uniform electric field of - 40 kV/cm between p:lrallel electrode plates of a plastic 
;:henolic material (b~clitc) with a resistivity p; 1011 n cm. The plates. 2 mm thick. 

are kept separated at a dist:lllce of 2 mm by spacers of polyvinyl chloride. Gas tightness 

is insured by a frame of the s:ime material. The sensitive volume is filled with a gas 

mixture of argon/but1ne plus a small percentage of freon 138 1 at norm:tl pressure. The 

generating fie!d clec:rodes arc layers of a graphite varnish coating the outer surface of 

the plates. fhey arc isolated from the rc3d-out e!ec:rodes by a 300 µm thick fi!m. A 

sec:ion of the chamber is shown .in Fig. l. 

Sketch of a Resistive Pl:lte Chamber 

Resistive electrode plates 
p ~ro11 nxcm 

+H.V. 

•••••••••••• ••• ••••••••••••••••••••••••• ••••••••••• 
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eliminated in the off-line analysis by a cue on the total ener&y deposited in the 

c:i.lorimeters. 5000 muon events and 15000 pion events of 70 Gev/c momentum were 

collected. 
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Fig.4 RPCs efficiency versus the applied electric field measured with 70 Ge V /c muon 
events. 

S. Chamber efficiency 

Fig. 4 shows the efficiency of the RPC chambers in the Xl beam as a function of 

the applied electric field. measured for 70 OeV/c muons. The gas mixture was~ 

argon, 38% n-butane and 4'3& freon. The efficiency for a given chamber was defined as - -the ratio between the number of times in which a hit wu seen in the eitpected region of 

the counter and the tota! number of incident muons. All chambers show an efficiency 

around 97% for elecaic fields over 40 KV/cm under a muon flux of about IS Hz/cm2. 

Oper:llion up to fluxes of 40 Hz/cm2, concentrated over a surface of about S cm2, 

showed no appreciable degradaiion of the efficiency. 

The out-of-spill rate of the fast-OR wu about 10 KHz pvins about ~ 

probability of spurious hits per chamber within the 500 ns shapinc time. This 'noise' is 

originated by discharges due to inhomogeneities of the elecaic field close to the spac:Crs. 

6. Tracking with RPCs 

Tests have been done to study the a-acking capability of RPCs with high energy 
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MEMORANDUM (91.os.on 

To: F. Ceradini 
A. Santonico 

From: I.A. Pless 

Subject: Discussions on the Research and Developement of Resistive Plate 
Counters 

Date: 7 August 1991 

The purpose of this memorandum is to recall our conversations of the 
30 and 31 of July 1991 at CERN. 

We talked about the various aspects associated with the construction 
and operation of RP:::s. The research and developement program, RDS, was 
discussed. The interest of the SSC GEM detector collaboration was 
explained. A possible joint, and complementary, research and developement 
program was formulated. The basic agreement was along the following 
lines: 

1. MIT, working within the GEM collaboration, would set up an RPC test 
station. 

2. The GEM collaboration would measure the spacial resolution of an 
RPC as a function of the length of the readout strips. In particular, 
the effect of a six meter (or longer) readout strip would be 
measured. To start, a simple cosmic ray telescope would be used and 
a comparison of the charge distribution created by a cosmic ray 
muon would be made at the two ends of the reac;I out strip. At some 
future date the equipment could be tested at the MIT Sates linear 
accellerator. 

3. F. Ceradini and R. Santonico will assist Irwin A. Pless In acquiring 
all the components needed to set up a •standard" one meter by two 
meter RPC. This •standard• RPC will be assembled at MIT and the 
performance will be compared to the expected performance before . 
making further tests. F. Ceradini and R. Santonico will also assist 
Irwin A. Pless in acquiring two dummy RPCs so as to make the 
resolution measurements realistic. 
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4. The GEM collaboration will be responsible for all electronic 
components and other expenses required to make all relevant 
measurements. 

5. All data and experiences learned in this test program will be freely 
available to all members of this joint collaboration. 

I trust this represents the spirit of our discussions. Any corrections or 
additions to this memo will be warmly received. 

Sincerely yours, 

~ a./>~9-'-
1rwin A. Pless 
Professor of Physics 
MIT 
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PLASTIC SPARK COUNTERS WITH PVC ELECTRODES 

G. BATIISTONI. P. CAMPANA. U. DENNI, C. GUSTA VINO and E. IAROCCI 
l.llboroton Na.:ionali di Fnucmi tk/1° INF/ti, Fra.rcati, 110/y 

Received 16 September 1987 and in l'e"iscd ronn 4 January 1988 

1lte perfonruancc of a spi1tk counter b:ased on plasticized PVC is described. The rclc\·anl f~turel'I of this detector match the 
requirements of surface and underground cosmic ray experiments. Its technological characteristicll allow large area detector 
construction. 

I. lnrroduclion 

In the framework of the study of new apporatus for 
cxtensi'f'e air showers of cOJmic rays. we have consid· 
ered the application of spark counters. For this purp""• 
a lime accuracy of the order of only a few nano~onds 
is required [JJ. Low cost. reliability and easy monitoring 
are of reJevant imponance. 

So Car the developmen1 of plate •park cnun1ers (21 
with resistive electrodes has shown the possibility of 
rc::iching high time accuracies and good space reso)ulion 
at lhe same time. but their use has been limited hy the 
strict lechnologic::il requirements due to the high ps 
pressure and to the degree of mechanical tolennces 
needed for- gaps of 0.1-0.2 mm. They require electrode 
materi4ls with volume resistivity in the range 109-10 11 

!1 cm. with a suClic:ien1 degree of homogeneity: for thi• 
purpose some resistive glasses have been successfully 
proposed. but they are rather expensive and not easily 
available. In practiee all these limitations become pro­
hibitive for large ar.., counters. 

In order 10 reduce the technological difficulties a 
new lype of resistive plate counrer (RPC) (31 has been 
developed. to be employed w~ a lime resolution 
of 1he order ol hundreds ol picoseconds is sulfic:ient. In 
this des.cctor the resistive electrodes are made out or a 
phenolic thermosetting resin denominaled Bakelite. The 
counter pp is o{ the order of 1.5-2 mm, and the gas 
circulation is at atmospheric pressure. Anyway, the 
RPCs. u the other spark counters, exhibit a noisy 
operation. i.e. the production or spurious sparks, and 
the use or thermosetting materials is restrictive u rar u 
1he eonstruetion iechnology is concerned. 

We describe hete a new plastic spark counter '>ased 
on plulicized PVC. While rigid (unplastic:ized) PVC has 
a volume resistivity of the order o{ 10" Q em. the 
addition or plasticizers 10 obtain the standard commer­
cial soft PVC. lowers resistivity down to 1011-1012 Q 

0168-9002/88/$03.SO 4' Elsevier Science Publishers B.V. 
(North-Holland Physics Publishing Division) 

cm (41: hy doping with ionic compounds. 3 volume 
resistivity arount.I 10 11 cm can be easily achieved [SJ. We 
show lh3l the U50 of commerci31 plasticized PVC allows 
the con!"truction or spark counte..,. with noiseless oper­
ation :.nli time re~olution of the order of 1. ns ... Further­
more the u5e of o material ~;..,h as PVC makes it 
possiMe lo e~rlnit the thermopla.iie material technnl­
ogy \\'hich :illows easy construction procedures for large 
area counters. 

Fig. I •how• the cro•s section of one prototype. The 
active ,-olume containing the gas mi~ture is delimited by 
two parallel plate electrode5 mode of pla.iicized PVC. I 
mm thick. The \o'olumc rC5istivity is - 10 11 IJ cm. High 
voltage is supplied to the PVC electrodes by m..,ns of a 
graphite coating on the surface not in contact with the 
gas. The varnish is a commercial solution or graphite in 
methyl-isobutyl·ketnne. and the mrface re5iotivity is 
- 10 kJ2;a. A copper strip providC!I lhe electrical cnn­
lact with the high voltage. The graphite-coated surface 
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resolutlon requirements and could be used In the central 
detector. This already operatlonal system of 25k channels 
cost 190$ per channel, Including all cabling, Interfacing, 
readout, and monitors. However, the Increase In channel 
number from L3 to L * Is of an order of magnitude. This 
creales a need for R&D to achieve high component 
density, cabling reduction, reliability, easy diagnostics 
and repair, and low cost 

In addition, the complexity of the L * muon 
speclrometer requires the development of a large number 
of electronics systems monitoring all the relevant 
parameters. In particular, the high-voltage system has to 
be distributed and controlled to react to background 
condilions In order to avoid wire damage and aging. 

C.6. Muon Trigger Generation 

The last level 1 muon trigger wUI be derived from three 
coincident layers of Resistive Plate Counters (RPCs) 
(Rel. IV.18). These devices produce a very last (10 ns) 
discharge In a gaseous gap of 2 mm after passage of an 
Ionizing particle. Induced signals are received on external 
strips and yield a precise timing resolution of 2-3 ns. 
RPCs and their associated electronics provide a low cost 
melhod of Instrumenting the vwy large arn required (I.e., 
4000 m2). Three RPC layers wl be attached to the muon 
chambers In the central region. They will be read out by 
3-cm strips oriented parallel to the magnetic fleld. RPC 
layers with 3-cm radial pick-up strips are also connected 
to lhe muon chambers In the endcap regions, and RPCs 
with 2-cm slrlps running vertlcaliy (parallel to the mag­
netic field) are placed at three positions In the forward 
detectors. Fast {I.e., 100 ns) logfc searches for tracks 
pointing to the Interaction region along fkluclal "roads" In 
the r..p plane, which specify a particular momentum cut. 
The precise time resolution of RPCs also enables cosmic 
ray triggering and nagging. 

After the 1 "1'• maximum drift time hu elapsed {I.e., 
during the level 2 trigger), candidate tracks are also 
formed using muon chamber hlla. A track flnder wRI 
Identify muons within roads lhet span both bending and 
nonbendlng coordinates. T~ roads point back at the 
Interaction region and are determined by colnclclent hits 
(mutually arriving within t µs) on selected wires In the 
outer and Inner layers of drift chambers. Roads are as­
sembled for each module In the central region by 
demanding hits In z-fayer wires within narrow (2°) Intervals 
In 8, as Implemented at l.3. Roads are defined In a slmUar 
fashion to detect tracks In the endcap regions, where 
limits In 8 and f> will be Imposed by requiring hits in 
orthogonal chamber wires lying within the solid angle 
defined by each road. In the forward detectors, roads are 
again subdivided In 8 and tfJ by requiring hits In orthogonal 
chamber wires. Road boundaries wlll be set more narrow 
In this region, In order to clearly separate Individual tracks 
and avoid accepting lower momentum particles. 

Muon chamber data can be assigned to particular 
evenls by linklng candlclate tracks found In the muon 
chambers within the 1-µs drift Interval to those found In 
the APC array and/or hadron calorimeter. In addition, 
matching of candidate tracks with particular events can 
be rapidly accomplished by performing time sum calcula­
tions for hits In adtacent chamber layers that are offset by 
hall of a cell width (Fig. IV. 18). The sum of drift times 
resulting from the offset chamber layers, plus a correction 
term proportional to the tangent of the angle between the 
track and chamber plane (known from the· road defini­
tion), should always be equal to the maximum drift time, 
that Is, 1 11 s. Rapid computation of a time sum for each 
candidate track will enable every track to be correlated 
with a particular event, or a range of events In the cases 
where uncertainties (I.e., In the Incident angles) are large. 

C.7. Alignment Systems 

Throughout the evolution of l.3, numerous techniques, 
Instrumentation and test nxtures were employed or 
developed to obtain the required alignment accuracies. 
The L3 experience provlcles a significant knowledge base 
by which to tudge the strengths and drawbacks of 
proposed alignment techniques or systems and to make 
specific recommendations of A&O ettorts needed for 
Improvements which might otherwise be overlooked or 
discovered late In the detector's development. 

Local Allgnment System 

The function of the local system ls to align chambers 
within a module. In each of the three muon detector 
regions (central, endcap, and forward), chambers are 
grouped lnlo sets of three equidistant layers for the pur­
pose of muon sagllla measurement. The middle layer 
actually consists of two chambers that are Joined one on 
top of the other and referenced during fabrication such 
that they may be considered as one chamber for allgn­
ment purposes. Each of the three chamber layers 
measures the particle track precisely In the bending dlrec-
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Resistive Plate Counter R&D at LLNL -
Elden Ables, Richard Bionta, Dan Makoweicki, Craig Wuest l,ll 

• RPC R&D at LLNL is taking advantage of an extremely capable 
Chemistry and Materials Science Division. 

• We have expertise in coating a variety of dissimilar materials 
using a number of different technologies: 
e.g. sputtering of As on Pu. 

• We have identified a resistive soda-lime glass as a candidate for 
RPC plates (in place of the carbon-painted phenolic). 

• We will build a 25 x 25 cm
2 

RPC in the first part of the program, 
based on the work of Cardarelli, et al., NIM A263 (1988). 

• Discussions with I. Pless of MIT have been initiated and a joint 
effort to develop RPC's is envisioned • 

• Larger 1 x 1 m
2 

RPC's in the future. 
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l. 'Maximi!fti.' achievable Time resolution 

2. Studies to improve spatial resolution 

3. Gas choices with emphasis on nonflammable mixtures 

4. Noise 

5. Aging and its effects. 

6. Performance in high charge particle flux environment 

7. Performance in high neutron radiation environment 

8. Choice of readout electronics 

9. Choice of electronics to generate fast trigger 

-10.collaborative work with other groups (Daq/Trigger and Muon 
MonteCarlo ) with a view to a final large scale design. 

THE TEST FACILITY 

The Test Facility at MIT will consist of 

1. A Test Stand to set up a Muon Telescope 
2. A three component Gas system 
3. Appropriate Readout Electronics 
4. A Data Acquisition and Data Analysis system 
5. Other testing hardware including a Lecroy Oscilloscpe 

This system will be put together in such a manner that 
it could be easily transported to an accelerator environment for 
beamline tests. 

COLLABORATIVE WORK WITB LI.NL 
----------------------------Collaborative work with LI.NL will include tests of new 
RPC prototypes made at LLNL at the MIT facility and mutual feedback 
of information necessary to optimise various performance criteria. 
A meeting to discuss the collaborative effort has been scheduled 
for the last week in August. 

COSTS 

The heart of the Test Facility will consist of a Muon 
Telescope with three layers of scintillator for triggering, six 
layers of Drift chambers for accurate position determination and 
one or more Test RPC layers in between. We estimate the cost of 
constructing and operating this system to be $395g. This includes 
the acquisition of all necessary hardware ($240K), one full time 
technician ($7Sg), one half time engineer ($5Qg) and travel ($30g). 

-------------------------------------------------------------------
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PAD CHAMBERS FOR MUON MEASUREMENT IN GEM 

MUON GROUP MEETING 

Boston University 

23 August 1991 

Scott Whitaker 

Chamber development work done by BNL team, including 

Vinnie Polychronakos 
Bo Yu 
Veljko Radeka 
Ed Obrien 

Engineering for GEM application 

ViMie Polychronakos 
Charlie GriMell 
Frank Nimbleu 

• Carhode pad chambers - integrated technology for 
bend plane measW"elilent 
theta measurement 

triggering 

• Possible realization for GEM 
mechanical layout 
electronics 
advantages and disadvantages 

• R&D to test the concept 
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Pad Size 

1. Interpolation direction 

• Required Interpolation Preecision x 100 

2. Trruisverse to the interpolation direction 

• Occupancy 

• Channel count 

• Total pad capacitance ( :::::100 pf) 

• Shaping time (rm) 
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Position Resolution vs. Anode Charge 
for a Single Chevron Cathode 

( S.4 keV X-rays. 12nun readout spacing, SO% Ar+ 50% C2H1 gas mixrure) 
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Resolution 

Interpolation error :::::; 1 % of pad spacing, d 
lOOµm i.chieved with d = 1.2cm 

ENC 
u rx Q 

,2 2 TA ._E ........ N~C = 16-kTCD(-) 
3 Tm 

Ccs 
TA=--

9m 
Optimum when CD = Ccs 

ENC2 = 162.kTCj,( _!__) ( 
3gm Tm 

Aim at ENC ~1000 e 

Then gas gain :::::; 1 - 2 x 104 



Effect of the angle of incidence 

f ~o.10 
,, 0 
I "'"""{..)C 
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(V. Racleka, B. Yu, BNL) 

( W. g h1.""I 
1 

<: F; ~ t-J WtJrk.:lv0f) 

1; _ = d fOJ;.. 0( £~-/ 4 =a,\ c.'h 

lx '(ii V Nefi N'#,-= .3 

-= o ,oi 
Assuming u. ~ 50µm 
Bmaa ~ 4.5 deg ==> 40, 9deg segments (Tessaracondahedron) 

R=4m Ln=0.6m 
R : 6.Sm LM = 1.0m 
R=9m LM=1.4m 

• Largest chamber 2xl.5 m2 

• Chamber already exisiting in BNL E814, 0.5x2m2 

• Precision determined by lithography of cathocle planes. 

• No extraordinary precision in placement of anode wires 
required. · 

.... 
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a) Centered single chevron 

c) Centered one and a half chevron 

e) Centered double chevron 

(b) 

I 

(f) 

b) Displaced single chevron , 

. d) Displaced one and half chevron 

e) Displaced double chevron 
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MECHANICAL LAYOUT CONCEPT 

4 chambers in an integrated package 

Chambers to 1.5 m (phi) x 2 m (z or r) 

Hexcell - 25 mm thick 
Circuit board 20 -- 100 mils 

longer possible by piecing 

5x 
IO x 

deflections for center of 4 ft x 8 ft laminate < 0.1 mm (C. Grinnell) 

Alignment targets integral to cathode strip structure 

5 mm gas gaps 

Anode wires 2.5 mm pitch 

Center supports: 50 gm tension 

Ganged by 20 for theta measurement 

Weight of 4-gap package 25 Kg/sqm (modeled as 10 x 1.5 mil Cu + 
l mm G-10 boards) 

Thickness for super layer of 4 chambers < 8% XO 

Electronics mounted on cathode boards - full readout chain + trigger processor (?) 

2cm + 5 cm allowance on sides for wire tennination, theta electronics 

20 cm on one end for strip readout 



~ 
Ill 
Ill -

Honeycomb panel 

·~- -1 
Cathode panel subassembly 
less top spacer 

I 
Subassembly: (low precision) 
Cathode panels, one side - 1 mm 
Spacer bars - 2.Smm 
Honeycomb panel- 2Smm 

m Strip panels, one side - 1 mm 
tfr Spacer bars - 2. Smm 
''' Honeycomb panel - 2 Smm 

_J 
,_ 

.......... ,,.,.,_,.,..... .. F Shielding Panel ..... ,J!I' 

Gas Pad Chambers Study.2 
C. Grinnell 09.08. 91 page 1/2 
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Gas Pad Chambers Study,.2 
C. Grinnell 09.08.91 page 212 



L * 20MW Magnet Version/ 4 

Muon Spectrometer Volume 
C O..ume11 
IClll I 100 ..,....,.5 t•02.9C 
'"°"' 201'1W/4' 1.3 10 89 
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I W •980 I 
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Gas Pad Muon System 
Central Region Section 

C. Grinnell - Study. 1 
09.08.91 
Scale 1 :SO 
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SOmm gap 
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Gas Pad Muon System 
Central Region Section 

C. Grinnell - Study.1 
09.08.91 
Scale 1 :SO 
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For Example ... 

Chevron chambers for BNL exoeriment 814 

chambers 0.5 m x 2 m 

5 mm gap 

3 layer pc board for cathode pads 

. l 00 in thick 

Ed Obrien 

cathode plane. ground plane, signal routing - plated through holes 

precision < 50 rnicrons 

photo technology 

humidity. temperature control during mfg 

$10.000 for order of 3 

1/4 " hexcell lamination 

second side -- 8 mils prepreg 

flat to < 5 mils 

Performance in Si ion beam as designed 

< 5% of pad size - limited by dynamic range requirements 



8 

6 

4 

BARREL 

ENDCAPS 

CHANNEL COUNTING 

Model used -- not the most efficient .. 

6 

Bend plane 

40-fold symmeay 
strips S mm (r-phi) x 2 m Cz) 
capacitance-limited 

4, 4. 3 chambers 

844K channels 

10 

20-fold symmeay 
strips S-6 mm (phi) x .23-2.0 m (r) 
occupancy /capacitance limited 

4. 4. 3 chambers 

occupancy < l 0 Hz : 231 K channels 

occupancy < S Hz : 397K channels 

14 

-

- 9. 

Theta 

wires run r-phi 
2.S mm pitch 

4 degrees 

ganged by 20 -> S cm hodoscope 

2, 2, 2 chambers instrumented 

96K channels 

wires run r-phi 
2.5 mm pitch 
ganged by 20 

2, 2, 2 chambers instrumented 

21 K channels 



Barrel Channel Count for GE:\f Pad :\fuon System 

Assum• 40-fold symm•try, strips 2 meters Jong and 5 mm wide 
chambors 2 m•t•rs long by 9 d•gre<:s wide, active area 

inner chambers: 

R= 
L= 
N chambers= 
N layors= 
chan/layor 
Nchan 

middl• chambors: 
R= 
L= 
N chambers= 
N lay•rs= 
chan/cbmbr 
Ni.:han 

outor chambers: 

R= 
L= 
N chambers= 
!11 lay•rs= 
chan/chmhr 
N chan 

toral chamb•rs 
toal channols 

4 
6 

240 
960 
126 

120576 

6 
H) 

400 
1600 
188 

301440 

8 
14 

560 
1680 
251 

422016 

1200 
844032 

4 layers/chamber 

4 layers/chamber 

3 layers/chamber 

SW 14 Aug 91 



Channel Countin11 in the '.\luon Endcaps of GE'.\I SW 13 Aug91 

strip uccupancy= 5 Hz as.1JJ!ting 60KHz per unit eta. occfac = 0.105 
max strip l~ngtb= 2 metef!i 

chambers at z= 6 rmax= 4 

S mm inner width 
~ta(i) theta(i) rad r(i) theta(i) deg strip length N strips/plane 

2.500 0.164 0.992 9.386 0.110 1246 
2.396 0.182 1.102 10.408 0.137 1385 

2.281 0.204 1.239 I I.672 0.176 1557 

2.151 0.232 1.416 13.276 0.234 1779 

2.003 0.268 1.650 15.374 0.326 2073 

1.830 0.318 1.976 18.228 0.487 2483 

1.623 0.390 2.463 22.321 0.814 3095 

1.365 0.500 3.278 28.648 0.745 4119 

1.190 0.591 4.023 33.844 

total per plane 17737 

x4pl x 2ends 141898 

cbambcrs at z= 10 nnax= 6 

2.500 0.164 1.653 9.386 0.318 2077 
2.327 0.195 1.971 I 1.149 0.464 2476 
2.121 0.239 2.434 13.682 0.738 3059 
l.866 0.307 3.172 17.599 1.354 3986 
1.534 0.425 4.526 24.354 I.SOI 5688 
1.280 0.542 6.027 31.078 

total per plane 17286 
x4plx2ends 138288 

chamhcrs at z= 14 rmax= 8 

2.500 0.164 2.314 9.386 0.647 2908 
2.258 0.208 2.961 I 1.943 1.115 3721 
1.948 0.283 4.076 16.233 2.013 5122 
1.570 0.410 6.089 23.507 1.966 7651 
l.320 0.522 8.0SS 29.915 

total per plane 19402 
x3p1x2ends 116412 

total numb.or of channels for 4-4-3 configuration 396598 



Channel Counting in the :\luon Endcaps of GEM SW 13Aug91 

strip occupaucy= 10 Hz assuming 60KHz per unit eta. occfac= 0.209 

max strip length= 2 meters 

chambers at z= 6 rmax= 4 

5 mm inner width 

eta(i) tbeta(i) rad r(i) tbeta(i) deg strip length N strips/plane 

2.500 0.164 0.992 9.386 0.233 1246 ' 
2.292 0.201 1.225 l J.539 0.369 1539 

2.036 0.260 1.594 14.880 0.669 2003 

1.702 0.361 2.263 20.668 1.760 2844 

1.190 0.591 .i.023 33.844 

total per plane 7633 

x 4 pl x 2 ends 61061 

chambers at z= 10 rulllX = 6 

2.500 0.164 1.653 9.386 0.700 2077 
2.154 0.231 2.352 13.239 1.588 2956 
1.661 0.375 3.940 21.507 2.016 4952 
1.290 0.537 5.957 30.784 

total per plane 9985 
x 4 pl x 2 ends 79877 

chamher.; at z= 14 nuax= 8 

2.500 0.164 2.314 9.386 1.485 2908 
2.0l5 0.265 3.799 15.183 1.968 4774 
1.620 0.391 5.767 22.390 2.195 7247 
1.330 0.517 7.962 29.631 

total per plane 14929 

" 3 pl " 2 ends 89573 

total number of channels for 4-4-3 coofiguration 230512 



IR!GGERlNG qtjng tbe Mjddle Supcr\aver 

Basic idea: measure a vector in the middle superlayer } 

assume the beam position 

6.Sm 

4m 

lm 

beam position 
knowmto I mm 

400 XO 
calorimeter 

Resolution calculation - Larry Rosenson 

B=lT 

point-line 
momentum measurement 

4 measurements 
150 miaon resolution 
10 cm total spacing -> 2 mrad slope error 

I • 
,_fllvt9.T 

! 
. I ~ 

0.2 ' • 
; ' • I ' 

I 

• I • 
' I • - I • • 

0.11 

• - ! • 
• ' 

I 
",-IG•Yl•I ' 

~ 
,.. 

' 
_,_ 

' --::: -•o -· ,... ... ! I ' 

I 
! -· . _._. . • 

l 1 _,., 
. ' 

=\ 
0.1 

D.DS 

0 

0 2D 4D 80 ID 1DD 
TKETA. 



READOUT 

Long integration time ("' 1 us) 
:::>built-in 1st level trigger delay 
No analog pipe lines 

Pre­
Amp 

""""' IE-1 us 

\LI 
slow 1 

shaper 

Pick-off 

TRACK 
& 

HOLD 

TRIGGER 

fast 
shaper HOLD 

(lsl level) 

o Same detector for trigger 

MUX ADC 

8 bits 

o Can be done with existing technology 

DAQ 

o Path for precision charge measurement 
does not require 60 MHz clock 



16 

EXAMPLE OF READOUT WITH CURRENT TECHNOLOGY 

• Existing devices have nearly the right parameters 

• circuits for chamber tests can be prepared for next summer ... 

r----
1 
I 

!~ --1--t ~....__..., 

i _./ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

! " 

AMPLEX chip 

16 inputs 

preamp 
shaper (750 ns) 
track and hold 
multiplexer 

23 gain var. in chip 

S 3 var. chip-to-chip 

daisychainable 

--+,-1/>--I 
L_f--_.__ ______ __, 

preamps -
external for use with 
Amplex (designed for 
lower Cl but included 
in custom design 

DRAMS module 

single width CAMAC 

FADC 

calibration/pedestal 
functions 

zero suppression 

memory 

1024 channels 



SHORT-TERM R & D GOALS 

• Construct several large pad chambers - l m x 2 m 

• Develop and implement readout chain based on Amplex + DRAMS 

• Test chambers in a beam - next summer 

-> Measure resolution 

-> Study effects of angle of incidence . 

-> Study systematics 

• Gas studies 

-> drift velocities 

-> Lorentz angles 

• Develop point-line triggering scheme 

-> Algorithm 

-> Implementation 
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High Precision Cylindrical Drift Tube 
Technology 

Bing Zhou 
Physics Dept., Boston University 

Aug., 1991 

1 General Description 

Cylindrical drift tube is a very simple tracking device, and bu been used for high 
precision tracking in magnetic field by many experiments. The technology is well 
understood and established. Its basic working principle has been well documented by 
F. Sauli(see appendix). 

We propose to use pressurizl'd stainless steel drift tubes for GEM muon tracking 
system is based on the following considerations: 

(1) Good resolution: single wire resolution .... 150 microns; 

(2) Most robust muon system in large scale; 

(3) Cl.Olle to 1003 acceptance in ~ 

( 4) Well understood performance in magnetic field; 

(5) Euily pressurize to improve the resolution; 

(6) Modular construction~asy for alignment and transportation; 

( 7) Low COit. 

As useful information we list basic operation formula of the drift tubes in a mag­
netic field below: 

Iii Electric field inside tube: E(r) = Hl'-./r/ln(6/a), where a is wire diuneter 
and b is tube diameter. 

1 



• Drift velocity (B-field =0) Vo = lr(eE/m)r ""' f(E, Ir, r), where Ir is a gas 
. dependent constant, r is mean time of collision between drift electrons and the 
gas molecules, and m is electron mass. 

• In the magnetic field drift velocity (three components) will depend on the B-field 
also: V. = Vo x ( 1 + (w,r )2)/( 1 + ('"'1' )2) Vr = Vo x (w,r + WrWTT2)/(l + (wr )2) 

V, = Vo x (WTT +..i_..i,rJ )/(1 +(wr)2) where. w.(w •• WT.w,) = eB/mc = e/mc x 
(B;, Br, B,) and tan91.or...,, = ...:r. 

• The drift time and drift distance relationship is: T(r) = J. dr' /\qr') 

In order to operate the drift tube style chamber in 8-filed to measure muon m~ 
mentum, based on above formula, we need to know the following parameters: 

(1) Accurate magnetic field map and wire high voltage; 

(2) Drift velocity vs. electric field Cor operating drift gas; 

(3) Lorentz angle vs. E-field and 8-field Cor operating drift gas. 

2 



LIST OF COLLABORATORS 
for the S.S. Presswized Drift Tubes muon system 

I BOSTON UNIVERSITY 
S. Ahlen, T. Johnson, D. Loomba, A. Marin, D. Osborne, J. Shank, 
D. Warner, S. Whitaker, B. Wilson, B. Zhou 

2 BROWN UNIVERSITY 
M. Wigdofl' 

INDIAN A UNIVERSITY 
D. Alyea, C. Bower, R. Heinz, J. Musser, J. Pitts 

4/. . INSTITUTE FOR ATOMIC PHYSICS. BUCHAREST 
A. Aculai, C. Blaj, H. Bozdoc, L. Butacu, M. Ciobanu, D. Ighicianu, 
D. Lazarovici, S. Miron, G. Pascovici, M. Pentia, D. Pop, V. Popa, 
G. Radulescu, D. Spanu, V. Valeanu 

INSTITUTE OF HIGH ENERGY PHYSICS. BEIJING 
W. Gu, Y. Gu, Y. Guo, Y. Huang, J. Li, C. Mao, H. Sheng, R. Xu, 
D. Zhang, B. Zhuang 

' JOINT INSTITUTE FOR NUCLEAR RESEARCH. DUBNA 
G. Alekseev and others 

j 

LOS ALAMOS NATIONAL LABORATORY 
R. Barber, M. Brooks, T. Coan, J. Hanlon, D. Lee, G. Sanders, 
B. Smith 

MIT 
I. Pless and others 

WASHINGTON UNIVERSITY 
J. Beatty, D. Ficenec 

Other groups welcome ! 
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Basic Performance of drift tube in B-field: 

Dirft velocity and Lorentz angle : 

Ejield = HVwire/r/ Ln(b/a) 

Vo= k(eE/m)T,..., f(E, k, T) 

V.,. =Vo x (1 + (w.,.T)2)/(1 + (wT)2) 

VT= Vo X (w.iT + WrWTT
2 )/(1 + (wT)

2
) 

Vs= Vo x (wrT + Wf'Wz;T
2 )/(1 + (w-r)2

) 

tan8 Lorentz = WT 

1i""'e.- Sfo.e,,e,, ; Drifttime(r) = 1" dr' /V,.(r') 

Experimental data needed for space-time function: 

1) Accurate magnetic field map and wire high voltage; 

2) Drift velocity vs. electric field for used drift gas; 

3) Lorentz angle vs. E-field and B-field for used drift gas. 



I ELECTRIC FIEID IN DRIFT TUBB I 
:CAN BE EASILY CALCULAl'ED PRECISEL ~ 

y 

Tube 

'='2 

I BIPOLAR COORDINATES I 
x =a sinh(e I ( cosh(~) +cos (6)) 

y =a sin(6} I ( msh(~} +cos (6)) 

E = (R2 + a2)
112

-(r2+ a2 )
112 

x (center)= a coth (' 1) 

r =a/ sinh (1;1) 

R=a/sinh (,2 ) 

£x=-V(cos(6)msh(V+ l)/[a(l!1 - '2>1 
Ey= V(sin (8)sinb(V )/[a(l!1 - '2>l 



Effect of Tube Wall Placant.nt on Time-Space Function: Epsilon• 1 mm; R • 2 an, 
r • 2S microns, V • 2SOO volts, HRS gas, 1 atm 

0.7 

0.6 

0.5 

0.4 
Drift Time 
(microsec) 0.3 

0.2 

0.1 

0 l.G I I I I I I I I I I 

0 2 4 6 8 10 12 14 16 18 20 

Dlsranoc From Ct.ntcr of Wire (mm) 

••• Actual 

- Assumed 



160 

140 

120 

100 

Error (mia'Cllls) 80 

60 

40 

20 

0 
0 

(£~;~ l~;r~ due to Offset of Tube Wall of O.S mm] 

s 10 15 

Distan~ Frun Cmter of Wire (mm) 

Average Error• SO 
miaClllS at center of 
tube; average error 
over entire tube 
length, and for all 
particle trajectories 
is less than 2S 
miaoos 

20 25 



( Err~ l~r;.;t due to Offset of Tube Wall of I mm I 
300 

2SO 
I / 

200 + / 
Average Error• 

I I 00 microns at 
center of tube; 

Error (miams) ISO + / I average a-ror over 
mtire tube lmgth, 
and for all particle 

100 + / I trajectories is less 
than SO micrms 

I / so 

0"'-~~~....___...__~ ....... ~~~-+~~~--1~~~---1 

0 s 10 IS 20 25 
Distance Fram Cmta- of Wire 



Stainless steel drift tube operation record 

xperiment HRS 

rumber of layers 10 
rumber of tubes 1792*3 
'ube length 3.7 m 
>iameter 2.54 cm 
Vall thickness 152 µm 
~veraged Xo /tube 2.9% 
ias Ar:C02:Cff. 

(89:90:1) 
perating mode limited streamer 
iax. drift time 300 ns 
~esolution/wire 200µm 
Aagnetic field 1.6 T 
..ever arm 1.7 m 
~pip 0.1 %/GeV 
-4> drift time 

1ccupancy 

CDF 

Tevatron 
(1988-now) 
pp 

3 
2016 
3.0m 
2.54 cm 
200 µm 
3.3% 

limited streamer 

200µm 
1.5 T 
1.3 m 
0.2%/GeV 
drift time 
charge division 
5% 

EXAM 

Balloon 
(1988) 
cosmic rays 

8 
600 
3.7 m 
3.8 cm 
152 µm 
2.9% 
Ar: ethane 
(50:50) 
proportional 
500 ns 
170µm 
0 

drift time 
drift time 



~ef.: 
HRS D. Rubin et. al., NIM A203(1982)119. 

G. Baranko, Ph.D thesis at Indiana Univ. (1985). 

CDF S. Bhadra et. al.. NIM A268(1988)92. 
S. Bhadra et. al., NIM A269(1988)33. 

EXAM A. Tomasch et. al., NIM (1985). 
T. Coan, Ph.D thesis at UC Berkeley (1989). 
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I Wire Tests I 
Scopex Scopey 

--~~~320ohms~~--~~ 

L - 3.7 m; R = 99.5 ohms 

Z= l.95m Magnet 

T2 

Bearing 

---- Scale 

Miaoscope j . / 
Bear mg 

Tungsten/Gold Wire Weights 

Scopey. Lisajous Figure at Resonance 

Scopex 

R = 99.S ohms implies diameter = 2r - 49.6 miaons ( 70 F) 

S-wiresag 
p •mass density== 19.3 rJa; (gold and tungsten) 
g = gravitational acceleration 'q' 
r- fundamental resonant frequency 
T - tension in wire 

T = pm2(2Lf)2 

I s- pxr2gcz2-LZ> icm = g((ZIL)2-(ZIL)) 1csr2> I 
. NOTE: S depends on f only, and has no additional 

dependence on T or r 



Sag Measuranents; L • 3.7 m; Tungsten/Gold, SO miacn diam. 

2500 ..----------------... 

2000 ----------------1 

ISOO +--------------

Sag (miams) 

1000 -------------

S00+------------1 

0 

243 217 199 ISS 1()1) 65 25 
Tcnsicn (grams) 

•Actual 

•Frequency 



Frequency Determined Wire Position Minus Actual Position 

12 
10 
8 
6 
4 

Microns 
2 
O I Ref: Point 

-2 
-4 
-6 
-8 

-10 
243 217 199 155 109 65 25 

Tension (grams) 



Resonant Frequency vs~ Tension for 3.7 m, 50 micron, 
Tungsten/Gold Wire 

35 -

30+-~~~+-~~~-+-~~~-+-~~~'-f-~~~--f 

2S+-~~~-+-~~~-+-~~~--t~~~~-t--~~--1 

Hz l--~~---::::~i-----+--1--1 20 

15"-~~~~~~~--+-~~~-4~~~~~~~~ 

10+-~~~-+-~~~-+-~~~--+~~~~+-~~----i 

0 so 100 150 200 250 

Grams 



Cootribution of Voltage to Sag;" L • 4 m; R • 2 an; r • 2S miaons 

2S 

,.~ -, 
•• / .. 

• 1 ... .. · \ .•· \ I \ • • : \ • • • • • • 
I \ o~~==:=~~~ 

Microns 10 

20 

IS 

s 

-•- V-6000 

- V•4000 

- v-2000 

o.s I l.S 2 2.S 3 3.S 4 4.S 

-S 

Distance Along Wire 6n) 



Leakage of Gas Frcm 6 ft x l.S inch Stainless Drift Tube, With Glued End Plugs 

30 .• 

29.8 .• 

29.6 .• 

29.4 ... • • • 29.2 ... 

Pressure (gauge). psi 29 ... 

t 28.8 ... Leak Rate • 20 scfh 

28.6 ... (total) for 100,000 
tubes at I atm over-

28.4 ... pressure 

28.2 ... 

28 • • . • • • • 
• • • • • • . 

0 20 40 60 80 100 120 140 

Time (min) 



Potential 
wires 

LASER 

Cathode Plane 

........ . ......... 
@B 1 --·· 

E ·--·· 
•········ 2 ··-··· ··--·- 3 ··-··· 
•··-··- --

................................................... _ ............................... . ______ ._ _____________ _ 

Pads Mesh Wire 

Moveable mirror 

x------ UV beam 
·······················-········-,~··-·-cO:J··-··············-········ 

,......------.Window . -. . . . • . 
' ' • • • 

ads 

l 
70mm Wires -. 

• 
• • 

~ 

Mesh 
, 

-. 
50mm . • • 

Cathode 

Voltage 
divider 
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PDT Subsystem R&D Plans 

Necessary R&D before Loi : 

- HRS octant (2) test: wire tension after 10 years; 
alignment scheme; sagitta systematic error. 

- Pressurized drift tube modul ptototype. 

- RPC prototype, z-chamber selection. 

- Drift gas studies with magnetic field: drift veloc­
ities, Lorentz angles and space-time functions. 

- Intensive simulations: end-cap chamber design; 
muon trigger issues; pattern studies in inner cham­
ber. 

- Alignment scheme design. 
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GEM 

MUON SYSTEM ENGINEERING 

MUON GROUP MEETING 

AT BOSTON UNIVERSITY 

23 AUGUST 1991 

GEM MUON SYSTEM 

F. Nlmblett 8/23/91 

Draper Laboratory 



GEM MUON ENGINEERING 
(Now till Oct. PAC Review) 

• Design evaluation for sensor technology options ( Performance evaluation, layout 
practicality, allgnablllty, multiple scattering, ope.rational concepts, costs, processing and 
assembly procedures, safety Issues, risk evaluation) 

• Develop muon system support structure concepts to fulflll needs of Individual technologies 
( modular trusses to support measurement groups of three layers of chambers; similar to L *) 

• Develop Muon system WBSs (several versions needed to cover options) 

• Develop Muon system cost books (several versions needed to cover options) and a uniform 
costing procedure. 

• Develop muon system planning and schedule. 

• Coordinate muon related activity with MIT and LLNL who wlll be working the magnet and 
with LANL who wlll be working endcap muon support structure concepts plus a global 
alignment system. 

• Develop local alignment (Inter-module) concepts and costs for the sensor specific options of 
chamber layouts. 

• Complete interface hardware concepts (Module to magnet, Chamber to module, Magnet 
mounted rail system for central region, Endcap muon system attachments) 

• Determine facility requirements for specific sensor options (assembly space, gas needs, 
safety requirements, power requirements, hoist requirements, compatibility with hall 
parameters ) 

• Specify system Installation and alignment needs, procedures, and costs. 

GEM MUON SYSTEM 

F. Nlmblett 8/23/91 

Draper Laboratory 



. 
GEM MUON ENGINEERING 

( PAC review to LOI ) 

• Refine all previous efforts In a more focussed manner (Provide addltlonal 
analysis H viewed as risk factor, Improve cost model, Improve program 
planning) 

• Preparation of LOI documentation ( LOI document plus Presentation 
vugraphs) 

• Preparation for Increased levels of effort to fulfill task of preparing the 
Engineering Design Report ( EDR) 

GEM MUON SYSTEM 

F. Nlmblett 8/23/91 

Draper Laboratory 
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END VIEW LST MUON SYSTEM 
(Central Region shown with 

support structure) 
F. Nlmblett 

22 August 1991 
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GEM MUON SYSTEM 
SUPPORT STRUCTURES 

• Central Region Muon System/Magnet Interface Options 

•• Four or six point mount to either two or three substantial rings at the 
ends of SC magnet cryostat sections ( Isolated from cryostat wall 
radial deformations caused by evacuation of cryostat ) 

•• Space-frame structure hung from similar sites or from the central 
membrane ( Further isolation from magnet and elimination of 
reaction torques on magnet structure ) 

•• Unitize modules following assembly ( join inner diameters of 
modules to minimize reaction torques on magnet structure ) 

• Endap Region support still appears to be best near OD of magnet poles 
( small axial motion at magnet turn-on plus muon system 
counterbalanced with pole weight ) 

• Endcap rotory mount/assembly fixture still appears to be a necessary 
structure to evaluate to permit vertical loading of endcap modules. 

GEM MUON SYSTEM 

F. Nlmblett 8/23/91 

Draper Laboratory 



GEM MUON 
SUPPORT STRUCTURES 

• Main thrust of support structure design will continue to be a 
bolted and pinned truss assembly fabricated from 6061-T6 
aluminum tubing and cast aluminum joint hardware. 

• Consideration of thinner elate-structures around the middle 
chambers to provide additional space for these chambers will 
be a priority! 

• Preliminary Weight estimates for the central region assembly 
of several chamber technologies are promising. 

•• L* -160 tons 

•• PDTs (SSt-122 tons) (Alum-- 86 tons) (Myl- 71 tons) 

•• LST (Extr. cath.- 250 tons) (Folded cath-161 tons) 

•• GP ( Not yet done, probably the lighestl ) 

GEM MUON SYSTEM 

F. Nlmblett 8/23/91 

Draper Laboratory · 
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MUON CHAMBER ALIGNMENT 
for the LOI 

Concept Sketches 
and Tolerances 

Descr1ot1on of 
Tools and Technlaues 

* Sector Assembly 
* Sector Assembly to Space Frame 
* Global Interface , 

-- space frame to beam line 
* A11gnment Ma1nta1nence 

-- Internal and external 

* LED-1 ens-detector 
* Laser beacon 
* Convent1onal opt1cal too11ng 

alignment telescopes, theodolites, 
Interferometers and tooling bal Is 

* Electron1c levels 
* F1ber opt1cs and speckle 
*TV holography 



MUON CHAMBER ALIGNMENT 

' ALIGNMENT TASK 

* SECTOR ASSEMBLY 

*SECTOR TO SPACE FRAME 

* GLOBAL INTERFACE 

*ALIGNMENT MAINTAINENCE 

STARTING POINT CONCEPTS 

System Dependent 
Combination of conventional 
tool Ing and gadget development 

LED - Lens - Detector 
used on L3, but perhaps more 
than 3 bridges for GEM 

Bas1c lnsta11at1on Task 
Planned conventional tooling 

Electron1c levels 
F1ber Opt1cs/Speckle 
Development Task 
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